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Description 

BackQfDund of the Invflntiftn 
Technical Field 



if> Technical Background 

and more than 60 oLn westercoum^s '^^^^^^^ 

resistance is irnproved U resS^rfo c^^^^^^^ S t "'^'""'"^ ^ '"^'^ ^«^°"9f' M^e wear 

toughness of the subst^^^^tS^Howe^^^^^^^^^ To reefy this problem. I, is essential to improve the 

providesabas^otwearrearnr:^^^^^^^^^ 

.ayer;°;r:trsrS 

hard alloys is hard, and the surtace^So^ll^^lT^^ f "^^^ " (core) of the 

ance can be improved simutenS^y " ^"^ ' """^ ""^ '^•^'PP'"^ 

« that \T.J^:Zr:u^l^C^^^^^^ ^-«'e cast irons, are made so 

Of 10-200 Whose har^ess^ol'^ by 7™= 1 ' f f I''"" °' '""'"^ ^ ^"^^^^ '^^^^ "^"^""^^^^ 

Co phase in the surfac^er iThighe^Km ^^^^^^^ aT' ""^ ^"'"'"^ P^^'=«"' °' 'f'^ 

thickness is provided on the SiSSTuJace^^^^^^^ °' « 6 »^ 

z^i^rc=?srnrar^.^^^^^^ 

clallVara^SC'^liTa^^^^'SrS^^^^^ Publication S.owa53(l 978)-, 31 909, discuses In the 

towards the core. ^ ""^''^ ''^'^ hardness increases continuously 

Co surface layer of a thickness of 25 ZTnSe ingT Si "^"'Z^ ^ 
process, a hard substrate material is opined Ws hi^^^^^ T-^ ^° ^ 

rhS=~~^^^^^^^^^ 

prepX^=r9^;°c?o;:^^^^^^^ ~.es the steps o, 
at 60 Mm dU and lS^?, 5W ^TfJh ^^^^^^^^^ 

thickness, to produce a coated haSaltoy " "^'^^ « ^^D TIN coating of a 4 urn 

disc^L^slntLri:^^^^^^ 

Mm thickness, in whteh the proportion ime^TtvDeS^^ high toughness surface layers of a 5-200 

is lower compared with that in the wrf ' ^"^ ^' surface layer 
.n the firs, embodiment of .he above-no.ed pa.en.. a sintered hard metal is disctosed. produced f„>m a powder 
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lTlS"t?fo'el^^^^^^^^^^^ heating me mixture ^ a ia3 vacu- 
a..WC-Co.Thesur,aceo,thesubLSl?eS 

10-3 to produce .wo'tyjel ofTufce ^^'^ '^3^^^^^^^^ Seated at 1450 oc in a vaoTum S 

substrate in which free cartxx, particles are not p ecSS? tJI 1 1 °" ^^"^^^ precipitated; and a 

of TIC followed by 1 ^ thick Alfi, to produce S cr^a^J'^"'"'^^ ^thaS^^ thickness coating 

co.pos«ionrepresentedbv(./w,|c.£,andcorr2^^^^^^ 

-nTnrB^^.^^^^^^^^^^^^^^ 

layer (claim 6). These substrate materialsLeS«t^ihr^tl ^"^^-^^ ^nd no B-1 phase in the surface 

However. When the B-1 type pharestnlhTsul^ia^^^^ 
tt>e region, therefore, these hard alloys and coated ha d al ovs tZTrl . simultaneously in 

Patent Application. Firs. Publication sLwa54(r979) L^S S^^^^^ ""'^ ^'^^ Japanese 

apa:o:^~ye^m::X^gS^^^^^^^^^^ 
gertocarbides..im.S,;Co.nnchedsLcehard:C(S^^^ 

surfaces (rake surfaces) are ground; heated ^^,^^1727^""^"^^^^^^^ upper and lower 

cooling at a given rate to 1204 "C, the flank surfTe orSnri Th ^ "^"""^ ^^^^m Hg. and after 

theusualcVDcoathg method top^xlucrcoatJih^^^^^^ 
layer and no 8-1 type phases to a depth ofl2 9 uTa^Sc^^^^ 

thtek TON and 1 thick TiN layers ""^ ^ '""""^y^^ consisting of 5 urn thick TiC. 3 jm, 

microstructurehavingaCo content which fernSl!S^tl'^^^^^ '^'^''"S ^ thereby obtaininq a 

The substrate materll thus prCi c^^:^^^^^ 

Other examples include substraf« m2^I., , °' ^ ^ fun thickness. 

same p„.essing%te;stireTnd%r^^^^^^^^ 

The foregoing extensive reviewof the pSr art t^hSoi^' "'"^'^^ '^'^'^ ^^^^ ^"°ys- 

not With improving the coatings but With l^p'r^^g'^^^^^^^^^ 
resistance but which still left a problem of low wear resllXn^^^^^ 

a;.e~:i;r^^^^^^^^^ 

Showa63(i988)-Laid Open No. 89666) 4.812.370 (Japanese Patent Application. First Publteation. 

ofr.Nisd:;?l^^^^^^^^ 

;s applied directly to the Co-enriched surface X aSnq'^^^^ 

:gr;rr^^^^'^^'"-"^'°'°---'-^^^ 

ing the dewaxed compete in a partial vaculTeo^^^^ 
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deposited, a TICN-TIN second coding to ZZTxhedm^S^ZZ^^^^^ ^""^ ^ Co-diffused TiC first «x«ting is 
coating, such as TOO. TCNO and A^O^ ^ ^ «««"9 «>< P"^« TiC. and a fourth 

thick TO coating with diffused WC and Co a 2 ^ TOTc^ln f ? ^" ^ '^^^''^Q a 3 nm 

The foregoing technologies are aimeSal siSno^he o^blt! r*T ^ ^ ^^'^^a <=««"9 

applied directly to the Co-enriched S^e tT^a fubst^S 1,1?''''''"' °' ^"^^^ ^ '^VD coatrng is 
stmctures such as pores and a brittle eta p4se n^^e iSLTa^^^^^^^^^^ th« fonnation of undesirable micV 
substrate. The TiC coatings with diffused WC and Co suffer a^ fSn :«l °' °° ♦^'^ 

The hard alloy p^xJuced according to U S Patent 4T97lr45^ 
the first coating TIN to the substrate rnaterlal and iniiouie 1^^ L?.? "^'l""' '"'^ °' 
Also, the step of decartjudzing disclosed ( n cf^mrfl k r ?f r"^""^ ^''^'^ ^"^""S flC. 

"is;r 'r: ^""^^ '-p-n^rw^ariL^^^^^^^^ '-""^ ™ ^ ^^^-^ ^ 

deJ^nV-rireTr'™^^^^ 

the first TiC coating, and because onh™" *«^^ -nter-drffusion of WC and Co from the surface layer into 

TO rectify such^.ble J:7h:'i^Tc^^^^^^^^^^ the second coating 't,CK 

new technology for preparing a coated hard allov cutZ tnn Thtl? . ^" P'^'^"' P^«sen1s a 

ping, and whose Co-ennche5surfac7Cris^e^^ 

eta phase in the embodiments). The S^s a' o m2:Z^^^^^ P'^ses (an 
CcdistributionlntheCo-enJedsurfaceXer^Z^^^ 

Summafy o f the Inventinn 

resis]^'c?;lrr an^hrp^S^^^^^ f» °V cu«ing toe. of high toughness and high 
and is adhered tightV to the clngs applied theS^^^^^ 

thes?;acTof:;r-rwc^^^^^^^^^ 

The concentration of Co reaches a mLruriliTs^rce?aver rt^'^^^ 

surface, which region is substantially freeTt^^e carbwS of t! tI^ ? ^ °' 50 jm, from the external 

Nb containing W; and the nitrides of T1. Ta and Nb SJainTnr W '^^^""rides of T1. Ta and 

of a primary coating of ^CN deposited onZ surface Zr a '""'^'"^ °' ''"^'^ '^^^""S^ 

c^tg^ndasuriacecoatingcListingofa^l-^^^^^^^^ 

prim~;:v^s^j;^^^^^^ 

coating of TiCN. iniermeaiate coating of T.N to lower the residual stresses in the primary 

.ayer^rTicra^roCo^TOSrC^^^^^^^ 

The coatings of the present invention te 5 rS^^^^^ 
lively high concentration of Co in the surface layers temperatures of deposition, and have a rela- 

a^er,dTereC:rr^^^^^^^^ 

resistance of the cutting tools of the present invention ' "'^^^^^^ 

to ad^snh'S'Sl^Set':^^^^^^^^^ T"«- treating the as<ieposited coatings so as 

the coating can be convened ro ^mT^Ltl^^^^^^^^ "^T^' "^^ -^i^"^' ^trLses in 

Shot peening is employed in the presem!^,vanI„Si! " ^'=^°^Pl'«'^^'' «he following way. 
'n the Shot peenLcoaSngLr^S underZ^r^^^^^^ 

« below 15 Kg/mm2. and by varvino the n««„rn™".:L" '««'«l"a' ^''^^s level is lowered to 
stresses. ^ ''^^"'"9 '^'^^rt'ons. it is possible to convert tensile stresses into compressive 
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whHe the free carbon particles are present in thTc^ rbe!^^^^^^^^^^ 

in the above substrate mater J. I, is f^^r pSeK^era*!.^^ T ^ ^""^^'^'^ 
and the secondary coating of AlgOg by depositing a sa^LS Z™!!! . " ^^^^^'^ P""'^'^ «^«"9 o» ^xCH 
interrnediate coating Of TIC are TiCO and TCS bt^r^^ 

firstlntennediatecoatlngotTlN(be,werjsul^^^^^^ 1 Mm thickness. The thickness of the 

lessthan 1 pm. "°"^'^"^^'^®^™"^'8P™arycoatingTiCN) Is also preferably 

'nm'. With t.rth., p<,Mng, « Is posSta S^ZjST.i, '1^"" <" ^ P»«""9 » not more «„„ ,5 Kg) 
Bnef Descripttnn nS th g Drawing s 

Figure 7 a»ws a relaiionshlp bamJ^,^Z!TfT «"*<«™enl 01 in. ins.rt shc»m in Figur, , 

Sfbaratt material i, so™ «^<^ and 11» «a„ca ,„„ „. .^^^j"^;'. 

au»Srai"r/o,S^'^ ■=» « »» ^..ama, ,.k.p. p, ,n. 

Detailed Deficrlption of th« Preferred Emhnrii^,».. 
Basic Configurations 

-:^s^r^„sr.Xi^s"rp"iL"a:rr~'"*"-^ 

a aurfacs coaling 15. ana consisis ol a prima^i coaling 13. a sccondacy coaling 14 and 
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'^'^SrrK filfh"^?^ 1^ "^^ s"rf«ce coating 15 

second intermediatecoating 17. thesecc^d^™<^tina 14^d^ ? ' ^"^ °' P"'™'^ «^«"9 «he 

n«r,des o, "n. Ta and Z con.aiCwird'rvSSptlS: ^Sj^v^ 7* '^^"'^^"'"^ 

maximum Co concentration occurs in the surface laverft^rTJ^iT^H ° essential conditions are that the 

« of the substrate material 12. and thrtre^it^ hi Zt^^^ ^"^'"^ ^"'^^'^^ 

Ta and Nb containing W; and nitrides clTi TlS^ Nhl'J! T''"""^ """'^^^ carbonitrides of Tl. 

The primary coding ,3 rcompi^j^^ "^f" ^""^^^^^'i^'ly absent in the denuded zone. 

the surface coating 1 5 is composTd'S r o^Sr^ a TCNtTZ":?^^ ' ' ".T °' ^ '^^^^ layer, and 
« ^-P-o.a™,averandthesecond.termedir^^^^^^ 

and additives, as necessary, and the mixture is bTrSJpd «nl h ?Jf L. : P°«^«^'"«'"^eis mixed with binders 
Which can be used in prepSing the raw ^a^S ^^nSi^^^^^^^^^ "^"^'^ ^ P°«^«^ '"«»«rial 

and Group 6a; or cartSde^ nitL: an^ ^:::lXVoZZlZX%^ ^uoT^ " ^' "^""'^ 
known elements or compounds generally used in hard al^ ma^'n^iT f k !. ^ ^ ^'^'^^"'^ 
(TaNb)C. Co and graphite. ^ materials, such as powder nraterials of WC. (TiW)(CN). 

free carbon particles but ^^e surface aye S i 0^0 i h^^^^^ '^""^'^^ °^ ^"^^ core contains 

foregoingandin whatfollows. the depth usiaive^^^^^ 
mate™ the interface between ^^^^^^^^^ 

ofgr:srsrir^srnrp?^^^^^^^^^^^ 

substrate material as free carbon So e s^ - '''''' P^""'"''^'^^ ^ 

black particles in the body of the suCtr^e m^ri dtr ^o^^^^^^^^ ' "^""'^ 

to occur in the core at th^depth of loSo Mi^h feZr^SS to^.t" " '"^ Precipitation is controlled 
depth closest point to the suSace is lOoZ^dThf farfi deo h T^l Z"^""' 

with an optical microscope ^° ^® Precipitation is readily obsen/able 

coniXrs:^^^^^^^^^ 

scope, because the carbides nitrides and caTSZl ^ .k '^^"^"y ^" °P''^' "^icro- 

metallographic specimen preparation °' '^'^ ^'^^ ^ntfoned elements are etched black in the 

re.atlX™rtre:^^^^^^^ 

the ^«oa. stresses in the as^feposit^d coat^S^S tS rj,^ ^ ^^^^^^^ 
ByartiSn?^^^^^^^^^ 

to less than is Kg/mm^'^he stress ty^ec^n ateo Tre^fl a tZf. T ^'"^^ °' =^ 

case of steel balls, the speed is in a isn^f ^yTrTTri T compressive type. In practice, in the 

Of stjjsses mentioned aLe.PirstpSr;Et^^^^^^^ 

(Tao.s3Nb:::rcVv;de?ofr4Z^^^^ - ^ -.ge diameter, 

having a composition. WC.5.S%(Tu,,w,,,uc were blended into a mbcture 

graphite powderwas added and th^ ^«re m Ju-'S^c wi^^^^^^^^ ^" ^^^^ 0.16 % 
compacts weremadelnaccoTn^e^wrilS'^^^^^^^^ 

W8r» SMMII in a wcuum « 1.33 Pa 11x10-2 lar,l »| .r , I ISKa/mmZ. Ttagrsa, pressed compaeu 

-I* I. baelsa*, „^ ol ,„e caftcTpi^iL li mis p,„S,Sp"° ^'^ ""^ 
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A part of the coated samples was subiArtort t« eh^* 

m/s for 60 secorids. to produJe the^iwSS, ° 'nnr'"'"^ "''"^ ^hot at a speed of 50 
in the TICN coating were also rnsLZ^:^^^^^^^^"' '^'^^ ^« -i-^-. stipes 

For comparative evaluation purooses «iamni*>e a d J 

Similar to sample D in Example 3 ^.Tp^e^e pafenf /S^^^^^^ ^ ^vhich sample A is 

carbon particles. ^"""^ essentially no free carbon particles and samples having 0 1 % free 

Fwr. 7. ana n, mieh,,^ « ihe d.™dM z<,^^T^T^ «m(a«lv. «mpl« a™ .teo shown In 

ana 28 ^ In to„ «,n,pl.s coottWng f,«4^^„i' J" " '"'^ no-Ut. panics 

publication No. 89666) Application, First Publication Showa63(1988)-Laid Open re 

ymr. in a ,M„=ea prai^,™''^ rs.eTpfSb^TSleTfortf Tk"" ""^ " " ■»« ^ 

«n»nna wa. p«fon™aa ,445 -c lo, ,00 mlnm« in a ™ ^ """"M M 

Th. «,fcl„„s. 01 ,h= aenuaaa zona »as i o^ SrS^ 





Coating 


Table 1 

Gas Composition (volume %) 




45 


TICN (for primary coating) 


TiCl4: 1.5 
CH3CN: 0.5 
N2:25 

H2 : remainder 


Reaction T (»C) 
660 


SO 


AI2O3 


AlCIa: 5.0 
CO2 : ao 
: remainder 


1020 


55 


TICN (for surface coating) 
TiC 


TiCl4: 2 
CH4:5 
N2:20 

H2 : remainder 
TICI4: 2 


1020 
1020 
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f Table 1 (continued) 




Coating 


1 woo i^uiriposiuon (volume %) 


Reaction T (•C) 


5 




1 chTTT 

Hg^ remainder 




10 


TIN 


■nci4: 2 
Ng: 30 

H2 : remainder 


1020 




TiCO 


HCU: 2 
CO: 6 


1020 






Hg : remainder 




IS 


nCNO 


TiCI4: 2 
CO : 3 
N2:3 

H2 : remainder 


1020 



25 



30 



3S 



40 



ryiexi. macnining test wei 
evaluation thus produced. 

Continuous machining tests: 

Material machined : 



Machining speed : 
Feed rate : 
Depth of Cut : 
Machining duration: 
Lubricant : 



a cylinder of JIS SCM440 
(Hb 200) 
250 m/min 
0.3 mm/rev. 
1.5 mm 
30 minutes 
water soluble 



Interrupted machining tests: 



Material machined : 
Machining speed : 
Feed rate : 
Depth of Cut : 
Lubricant : 



a square cylinder of JIS SNCM439 (Hr 270) 

100 m/min 

0.35 mm/rev. 

3.0 mm 

none 
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Tes 


t Coating 


Peening 


Residual 
Stress 
( Kg/mm^ ) 




Cnipping 


1 


TiCN(8.5)- 

Al203(2)- 

TiN(I) 


None 


1 TiCN/23T 




1 o ^ 

13 . 1 


1 


' TiCN(8.5)- 
Al203(2)- 
TiN( I ) 


All 
Surfaces 


1 TiCN/9T 


0.26 


16.1 


1* • 


TiCN(8.5)- 

Al203(2)- 

TiN(I) 


Rake 
Surface 


1 TiCN 
rake/9T 
flank/23T 


0.24 


10.2 


2 


TiCN(5)- 
TiC(3.5)- 
Al203(2)- 
TiN(I) 


None 


1 TiCN/22T 


0.23 


1 12.7 


2' 


TiCN(5)- 

TiC(3.5)- 
Al203(l)- 
TIN(I) 


All 
Surfaces 


TiCN/8T 


0.25 


1 16.0 


3 


TiCN(8.5)- 
TiCNO(0.3) 
Al203(2)- 
TiN(I) 


None 


TiCN/22T 




13 . 2 


3' 


T1CN(5)- 
TiC(3.5)- 
riCNO (0.3)- 
Al203(2)- 
TiCN(l)- 
TiN( 1 ) 


Rake 
Surface 


TiCN/ 

rake/6T 

flank/25T 


0.23 I 


16.1 


4 


TiCN( 5 ) - 

TiC(3.5)- 

TiC0(0.3)« 

Al,03(2)- 

TiR(I) 


None 


TiCN/24T 


0.22 1 


13.0 


5 


TiN(0.5)- 
TiCN(8.5)- 
Al203{2)- 
TiCN( 1 )- 
TiN(l) 


None 


TiCN/2lT 


0.22 j 


13.0 



9 



EPO 594 875 B1 



Table 2 continued 



Tes 
NOv 


t Coating 


Peening 


Residual 
Stress 
(Kg/nun^) 


Wear 
Widtl 
(mm ) 


Chipping 
1 Time 
(min) 


6 


TiN(0.5)- 

TiCN(5.0)- 

TiC(3. 5 )- 

Al203(2)- 

TiCN(l)- 

TiN(l) 


None 


TiCN/2lT 


0.21 


j 12.7 


7 


TiN(0.5)- 

TiCN(8,5)- 

TiCNO(0.3)- 

^ . 2^3 ^ ^ ' 
TiCN(l)- 

TiN(l) 


None 


TiCN/21T 


0.21 


1 ^^"^ 1 


8 


TiN(0.5)- 

TiC(3.5)- 
TiCN0(0-3)- 
Al203(2)- 
TiCN(l)- 


None 


TiCN/20T 


0.20 


j 12.8 1 


9 


TiCN(8.5)- 
TiCN0(0.3)- 
Al203(2)- 
TiN(I) 


All 
Surfaces 


TiCN/4T 


0.24 


16.8 1 


10 


TiCN(8.5)- 
TiCN0(0,3)- 
Al 203(2)^ 
TiN(I) 


Rake 
Surface 


TiCN/ 

rake/4T 

flank/22T 


0.21 j 


16.9 1 


11 


TiCN(5)- 

TiC(3.5)« 

TlC0(0-3)- 

Al203(2). 

TiN(I) 


A1 1 

Surfaces 


TiCN/8T 


0.24 1 


16.4 1 


12 


TiCN(5)- 

T1C(3.5)- 

TiCO(0.3)- 

Al203(2)- 

TiN(I) 


Rake 
Surface 


TiCN/ 

rake/4T 

flank/24T 


0.21 j 


16,3 


13 


TiN(0.5)- 

TiCN(8.5)- 

TiCN0(0.3)- 

Al203{2)- 

TiCN(l)- 

TiN{l) 


All 

Surfaces 


TiCN/lC 


0.23 j 


16.8 
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Tes 


Coating 


Peening 


^ «^^uuinued 




No. 




Residual 
Stress 
(Kg/mm^) 


Wear 
Widt 
(mm) 


j Chipping 
h Time 
1 (min) 


14 


TiN(0.5)- 
TiCN(8.5)- 
TiCN0(0.3) 
Al20.(2)- 
TiCN(l)- 
1 TiN(l) 


Rake 
Surface 


TiCN/ 

rake/ic 

flank/20T 


0.20 


16.8 


15 


1 TiN(0.5)- 
TiCN(5)- 
TiC(3.5)- 
TiCN0(0.3)-. 
Al203(2)- 
TlCN(l)- 
TiN(l) 


All 
Surfaces 


TiCN/5T 


0.22 


1 16.5 


16 


TiN(0.5)- 
TiCN(5)- 
TiC(3.5)- 
TiCN0(0.3)« 
1 Al203(2)- 
TiCNCD- 
TiN( 1 ) 


Rake 
Surface 


rake/5T 
flank/22T 


0.20 


1 16.5 


A j 


TiC(6.0)- 
Al203(l) 


None 


TiC/38T 


0. 48 1 

in 
15 min 


A ^ 


B 1 


TiC{6.0)- 
AI2O3 (1) 


None 


T1C/35T 


0.59 } 
1 

LO min 


6.2 


C j 


TiC(l)- 

TiCN(2)- 

TiC(4)- 

TiCN0(0.5)- 

Al203(1.5)- 


None 


TiC/36T 

2 


0.45 

in 
to rain 


5.3 


0 


TiN(1.5)- 

TiC(8)- 

Al203(2) 


None 


TiC/32r 

■ 1' 


0.55 

in 
5 min 


6.0 



are as 



Notes: in Table 2, various abbreviations 
f ol lows : 

T1CN(8.5): indicates a TiCN coating of 

8.5 pra thickness. 
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IB 



20 



TiCN/22T: indicates a tensile residual stress 

value of 22 Kg/nun2 measured on a TiCN 
surface. 

TiCN/ indicates residual stress values of 4 

rake/4T Kg/nim2 measured on a rake surface, 

flank/22T: and 22 kg/mm2 measured on flank 
surfaces of TICN coating. 

tendencies are .uch improved olertheconS^ 

thesurface is lowerthan the maximum ^«lue.andS^^^g^^^^^ 
by developing a mlc««,ructure so that the surface te^^^^ 

The primary coating on the invented cutting tool is TON and ic^!^ T P^^^^^" 
tonitrile at relatively low temperatures of 840 IcS^c Sar^^ / '"^T" titanium tetrachloride wrth ace- 

Therefore, there is less diffusion of the constituting iemente oT^hr^.K f '^^^^^ °' 1000-1050 "C. 

coating, and there is less tendency to fomiSj^^ntel mtelfn I.! TT'^ and Co, into the 

(an e|B phase), thereby improving^ rdiS^nrp i^^^^^^ '""Vf ^"'^ ^^^^^ 

The technique of deposKIno a coafinn on a J.Z, T ^ '° substrate material, 

as an example^ Japanese ^rnt^ c^on' ^ P ^liSrshtJ^^r^' ''"^ '''^^"^ - ^-'-^ 
has a composition. WC-22o/o(TiC.TaC) 9.5%(5,, has lertt" a h '"'r^"'' '"^'"^'^ '^'^^'^^ 

the B-1 type hard phases, and is a typical conven«Ll^ter^!Ii5?r;S:"^ ^ ^^""^'ed zone free of 

The present coatings, composed of prirnarilv -new Z fl ""^ 9°"^^^' "^e. 

a. relat^ely low deposL •em'^r^Is' aTd a^e^^^^^ '>-use they are p^xluced 

layer having a maximum value of Co within a 50 urn onh« !v.! . ^ "^^'"^ ^ Co^riched surface 

coating of A^O, and the surface coatC o^^e"^™ andS '^^^"^^^^ wHh a secondao. 

*' Second Preferred Embodiment 

^'^T^ ^bodiment of the invention will be described in the following 
repre'TifeTJ^SSe^^^^^^^ 

0.16 % graphite powder toV^u^^f flSg^ou^ ^s^^^^^ The -bcture V.S blended further S 

group of samples, and the entire mixture was w^-miilS 72 ^r^^^iS, f '° ""'^^^'^ ^ 
were made in accordance with ISO CNMG12o£8 u^ a Pre^^^^^^^^ '^""^''^ 
a vacuum of 1.33 Pa (ix10-2 forr) at 1380 -C for one hour SI T^^ """"^^^'^ ^'"tered in 

a group which is essentially free of free carbon paries andrnfono'l r'"^^ °' "^"^ ^"^^ ^""^^^^^^ "^^'^rials. 
0. 1 % and Which is has a denuded zone of 3^2 S^X^ whichrbasS?^^^^^^ '''' ^^^^^''^ °' 

under optical microscope. ^ ^ ^&s\csA\), free of free carbon particles when viewed 

peenl^uLttr^^^^^^^^^^ honing, and coatings were deposited thereon, shot 

3. It Should be noted that the sample gTouXro^ T^ aSied^^^^^^^ '^'""^ ^ ' '° 28 shown in Table 

sample group having 0.26 % added graphUeThlbltedle caZ^^^^^ T^T "° "^"^ 
samples are reported in Figure 8 Co distribution patterns in these 

sampt rXTee ^b^^rfcr^ '"'^"^^^^^ 
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IS 



20 



25 



30 



disc^^^dTST'rjt^^^^^^^^^ 3 we. produce., according to .he process 

cation No. 87719). ' "^^^^ Application. First Publication Showa54(1 979)-?aid Open ^uW^ 

duce green pressed contacts. T)ieywe4 siS at iS?^^^^^^^^ 

produce samples of a substrate material having essSh, notelLrh ! ^) «<> 

hon|ng. and TiC coating of 6 thickness was u«i^'^^^^ ""^^ "^^^^ ^^'^ '^^^'^^V 

to produce comparative evaluation sample E '""^ ^® procedure as the first embodiment 

.hicJTeLX^e^ude'^^^^^^^ 

pressing to produce green pressed compacts, they wera 7^^^ln£n ^r^- "'""'^'"9 '^'^ "'^'erials and 

bunzed m a gas mixture of HgCSO %)-Ch;(20 %) at a r^Mr!^ ! ^ ^ ^ v^^""'^- They were car- 

they were decarburized at 1310 'C for 2 m^i^es in T^s^T""7^,lfo '''' 10 minutes, after ^ch 

perature in a vacuum. ^ ^ '"'^"'^ °' ^^2(^0 %)-C02(l 0 %). and cooled to room tern- 

asj^f^rse:'"!^^ 

wasa8show„inFigure8.andtherewasnoSenuded2efe7hr^5^A!^'^ 
^^^P..hercomparat.eevaluati.sa^^^^ 

compacts, they were sintered at 1496 -C for 30 minutesl?a vacuum 1 ^^'""^ '° ^'^""^ P^^^^^ 
bottom surfaces) were ground, and the sample wr^Icul h^ed^. f ' ^""^ ^"^^^^^ ('°P ^"'^ 

(100 torr), and was cooled at a rate of 56 'C/minTo 12m"c an^cSlt ^ °' ' " °' 13-3 

surfaces were then ground, and a CVD coatino T^^ S,^»/SrMf/^t temperature in a vacuum. The flank 

The profile o, the Co d.tnbution is as sho^rlTn^iST^dThl^^^^^^ T 'T^'^' ""^'^ <^^'"P'«") 

Next, machiningtest were carried out usinQthesamnter^,,!, °' '^^""'^ed zone was 20 Mm. 

evaluation produced above. ^'^^'^'"P'^'°'''^«P^«^°"''"^«"«<^aswellasthoseoftheMm^^ 



35 



Continuous machining tests: 

Material machined : a cylinder of JIS SCiy/1440 

Machining speed : i so m/min 

Feed rate: 0.35 mm/rev. 

^ Depth of Cut: 2.0 mm 

Machining duration: 30 minutes 

Lubricant: water soluble 



45 



Interrupted machining tests: 



Feed rate: 0.3 mm/rev. 

Depth of Cut: 2.5 mm 

» Lubricant: none 
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In continuous machining, the wear of the raka 
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Tahlcj 3 



Tes 
No, 


t Coating 


Peening 


Residual 
Stress 
( Kg/mm2 ) 


Wear 
Widt 
(mm) 


Chipping 
h Time 
(min) 


17 


) TiCN(9.5)- 
Al203(l.5) 
TiN(I) 


None 


TiCN/20T 


0.29 


14.6 


18 


j TiCN(9.5)- 
Al203(1.5)- 
TiCN(l)- 
TlN(l) 


' Surfaces 


TiCN/9T 

5 


0.29 


18.5 


19 


TiCN(9)- 
TiCN0(0.3)- 
j AI2O3 ( 1 . 5 ) « 
TiCN(l)- 
TiN(l) 


Rake 
ourzoce 


TiCN/ 
rake/ ST 
flank/20T 


0.28 


18.8 


20 


TiN(0.5)- 

TiCN(9)- 

TiCN0(0.3) 

AloO-»^l ^^^^ 

TiCNfl)- 

TiN(l) 


None 


TiCN/18T 


0.27 


14.4 


21 


As A hot/a 


All 

Surfaces 


TiCN/lC 


0.28 


18.9 


1 22 


As above 


Rake 
Surface 


T1CN/18T 
rake/lC 
flank/ 17t 


0.27 


18.9 


1 23 1 


TiCN(9.5)"- 1 

Al203(1.5)- 

TiN(r) 


None 


TiCN/22T 


0.26 


13.5 


24 [ 


TiCN{9.5)- 1 
AloOod.S)- 
TiCNCl)- 
TiN(l) 


Al 1 

Surfaces 


TiCN/8T 


0.27 


17.0 


25 1 


TiCN(9)- 1 

TiCN0(0.3)- 

Al203(1.5)- 

TiCN(l)- 

TiN(l) 


Rake 
Surface 


TiCN/ 
rake/7T 
r j.anK/2lT 


0.23 


13.0 


26 


TiN(0.5)- 

TiCN(9)- 

TiCN0(0,3) 

Al203(1.5). 

TiCN(l)- 

TiN(l) 


None 


TiCN/20T 


0.23 


13.0 
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Table 3 continued 
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IS 



20 



2S 




30 



3S 
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Notes on Table 3: 

samples 17 to 22 inclusively have free carbon 
particles: 

Sa»pl« 23 to 28 inclusively have „o free carbon 

particles: 

comparative Evaluation Sample E & g have no free 
carbon particles: 

comparative Evaluation Sample F has free carbon 
particles. 



so 



ss 



other abbreviations are as noted for Table 2 

layer andsubstrate material. The values of such reSsfr?sr«?Hir 

thickness and the composition of both coa ings andlbS^^^^^ the coatings, dependhg on the coating 
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SSel's S'uyri^^^^^^ "^^"'"^ ^'--^ cleposited coatings can be converted ,o 



compressive residual stresses. 
Claims 



w«e»i„ said pto,li» o( sortaee oo^hS «»SSrl« .? " ^' """""^ « 
s-te. Byo, a socooaa,, ooalli^A^SS^HTJi,?' "^'"^ I' ^' oo said 

-.o«.-a,^„.w«Tj.^r::::rr„;z".rs'^r^^^^^ 

«^«»o«i„,»o,aia,,.*„ei„*o,„.,,,,os,a»,.,,,s.,„,ft,p^,^,^^ 

coo,p,e,.iv. ,«id^! js?;, a« s 

rasidual siresset in Ihsas^loposIlM coaling. ' ' " *^ B) COOBins lansila 

^....^,3,^.,.n..,.a^rrir^rcS'«r,nT«rsz„^ 

^.»..ac..,S,H.sa,™i.„s^lsl,aZ,:to?st;irr,^^^^ 

^i'ssss?,i?::sxt^^c:Lr,iCtr"'=^'''«"™*^""'''-^^ 

» *'<»'»~«i'««l*e.«^l"lh.lhicWo...idli™iHo„™di.»co,ll„9,,6)oim , „ 

n.Atoo,a.co«„g,„clain,,o,.*,™inm=«,c,».sso.»,d,»condinl,™«im.coa«n»^ 
''•*S;r^»»''*™<>'«'''™'-"«"«ln»"-W,.l,„,.l.,«,,g 

said free carbon particles being present in - ,^oton of c!h ^ 

about 400^ f^saW extem^a' Sat S LiSsl'^lrjot '''' "^'^ ''''^ 



7. 



8. 



16 



EP 0 594 675 B1 

Patentanspruche 
1 



Beschichtetes Schneidwerkzeug aus haiter Legierung, umfassend eine Vielzahl von harlen Basehirhtim^-^ 

?M„c? Subslratmatenals (12) auftrW und weniger als 15 Gew..% betragt. und wobai dia veTlatoaSa 

Zugspannung .n der ersten Beschichtung (13) nicht mehr als 30 kg/mmZ betragt verbieibende 
dadurch gekennzeiehnet, * 

daBderOberflachenschfchtbereich im wesentlichen frei von Wblfram-haltigen Ti-. Ta- und Nb-C5arbiden Wolfram 
ObSh ■ K ""^ Nb-Carbonltrlden und Wotfram-haltlgen Ti-, Ta- und Nb-Nltr den ist und ^TTv^^ZZ 
OberflachenbeschK^htungen m wasentlichen aus einer ersten Beschichtung (13) aus TON auf der ObeSen 
schicht e,ner zwerten Beschichtung aus A.,03 auf der ersten Schicht (1 3) und einer SlSheLhfch^^m we 
senthdien bestehend aus wenigstens einer Schicht aus TiCN und TiN aif der zweiten ilhichr(r4raus A^a 

^ al^T^Z^lZ^""*' ' Beschichtung (1 3) nteht mehr 

2 und Flankenflachen (flank surfaces) (3) ausgestattet ist. wobei die verbleibende Zugspannung in der ersten 

^:tzv:!i:;^:.~ ^^"^^ « -—^ - der^c^iS 

4. Beschichtetes Schneidwerkzeug aus barter Legiemng gemafl Anspruch 1 
dadurch gekennzeiehnet, 

daB die verbleibende Druckspannung in der ersten Beschichtung nicht mehr als 20 kg/mm2 betragt. 

5. Beschichtetes hartes Schneidwerkzeug aus barter Legierung gemaB Anspruch 1 
dadurch gekennzeiehnet, 

Sn?un!"i^ ^'^i'"^/'"?'''" Flankenflachen (3) ausgestattet ist, wobei die verbleibende 

Spannung n der ersten Beschichtung (13) auf den Freiflachen (2) Druckspannung ist und worin die verbleibende 
spTu"n"9 i^" ^^"^'^^ (^3) au, den Fbnkenflachen (3) In dem wie'abgeschledent Zus^^Zug 

in der ersten Besch«htung (13) auf den FreiflSchen (2) nicht mehr als 20 kg/mm^ und die verbleibende Zuoso Ji 
S beIC" Flankenflachen (3) im abgeJ'chledenen Zustand Slh" a,'^ 

^' Schneidwerkzeug aus barter Legierung gemaB Anspruch 5 bel dem die verbleibende Drucksoan- 

nung,ndererstenBeschichtung(13)aufdenFreiflachen(2)nk*,tmehrals20kg/mm2bet 

mrateT5T;:Srr^r"''^^^^^ 

Trltf K^.T f ^^P^"'^*^^ 1 7- eine erste Zwischenbeschichtung (16) aus TiN zwischen 

dem Substratmaterial(12) und der ersten Beschichtung (13) aus TIN vorhanden ist. "Nzwischen 

^' ZJ^ty"^^ ^"^"^ ^' zwischenbeschichtung (16) aus TIN nicht mehr als 1 

10. Werkzeug gemaB einem der Anspruche 1 bis 9, in dem eine zweite Zwischenbeschchtung (17) bestehend aus 

=ig(ui::sr,^^3'™ 

11 . Werkzeug gemaB Anspruch 1 0. bel dem die Dicke der zweiten Zwischenschichi (17) nicht mehr als 1 pm betragt. 
ISSf^Sehir '"^'^"'^'^ ' ''"^ «"'^^«-'-ter^' wesentlk:hen frei von freien 
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Revendicatlons 
1. 



en Co e 'un coeur aylTne Seur 2ri^ eTe ^Jr^S " T"'""""' """''^ ^"^^'^^ -"'^^i- 

sara pas 20 Ksfcm^ el dans teoui "f"""^ mScaniquss .Ssdu.fcs comprsssivus ne dSpas- 

moms lun de TIC. TiCO et TiCNO est depos6 entre ledit revStement primaire (13) de TiCN et ledit 
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revSiement secondaire (14) d'AljQa. 

p^tu^eTl'Z"''"''" ''"^'^"^ ''^^ ^ (^^) n'-t pas su- 

dans una r.g JdudH^eu du^^^^^^^^ ^rr^^lt"?.' """""^ '''^^ ''^"^ ^ 

externa dudit mat6fiau de substrat (12 ^ ^ '^^"^'"^ »^ «"rtace 
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FIG.l 
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FIG.4 




FIG.5 FIG.6 
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FIG.7 
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COATED HARD ALLOY COATING 
OF THE INVENTION (10) 

CONVENTIONAL COATED 
\ \> / HARD ALLOY (C) 

^ CONVENTIONAL COATED 
-"^ HARD ALLOY (D) 



CONVENTIONAL COATED 
I HARD ALLOY (B) 

CONVENTIONAL COATED 
HARD ALLOY (A) 



^ 50 ,00 

DISTANCE FROM EXTERNAL SURFACE. (Aim) 
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FIG. 8 




CONVENTIONAL COATED 
HARD ALLOY (E) 

CONVENTIONAL COATED / 
HARD ALLOY (G) / 
!^^_ ±.. 

COATED HARD ALLOY COATING 
OF THE INVENTION (25) 




COATED HARD ALLOY COATING 
/ OF THE INVENTION (22) 
CONVENTIONAL COATED 
HARD ALLOY (F) 



■ . 1 I 

50 100 

DISTANCE FROM EXTERNAL SURFACE. (Mm) 
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